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Missing baryons, in the form of the WHIM:

Absorption Imaging

Depend on background sources No dependency on background sources

Sensitive to density Sensitive to density square

No dependency on the XRB Removal of the XRB

Ultraviolet X-ray

H I, O VI, C IV O VII, O VIII, C V, Ne X

Plasma with T ~ 105-106 K Plasma with T > 106 K
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S5 0836+710  
PKS 2149-306 Fang et al. (2001) HETG No detection

PKS 2155-304 Fang et al. (2002) LETG > 3-sigma

H 1821-643 Mathur et al. (2003) LETG 2-sigma

3C 120 McKernan et al. (2003) HETG ~ 3-sigma

 LBQS 1228+1116 Fujimoto et al. (2004) RGS ~ 2-3 sigma

Mkn 421 Nicastro et al. (2005) LETG > 3-sigma

X Comae Takei et al. (2006) RGS 2-sigma

PKS 0558-504 Nicastro et al. (2009) RGS ~ 2-3 sigma
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Issue 1: inconsistency between instruments 

Fang et al. (2007) Rasmussen et al. (2003)

Chandra LETG XMM RGS
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z = 0
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Issue 1: inconsistency between instruments 
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Chandra LETG XMM RGS

z = 0

z = 0.055
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Issue 2: Statistics 

Nicastro et al. (2005)
Kaastra et al. (2007)

Mkn 421, chandra
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Solution:

Joint 
detection with 
chandra and 

XMM

“targeted” 
search

Cen & Fang (2006)
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Sculptor Wall
z = 0.03
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Sculptor Wall
z = 0.03

H 2356-309
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Buote et al. (2009)

Chandra: 100 ksec; XMM RGS: 130 ksec
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Buote et al. (2009)

Chandra: 100 ksec; XMM RGS: 130 ksec
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Buote et al. (2009)

Chandra: 100 ksec; XMM RGS: 130 ksec

XMM
2.4-sigma

Chandra
1.7-sigma
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Text

Chandra 500 ksec observation
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Fang et al. (2010)
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Fang et al. (2010)
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Fang et al. (2010)

XMM, 2.4-sigma

Chandra, 3.4-sigma
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Doppler-b parameter
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1ES1011+496

Mkn 501

(approved XMM 150 ksec)
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Fang et al. (2003)

3C 273
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1 Mpc

Missing baryons 
in WHIM?
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1 Mpc

Missing baryons 
in WHIM?

400 kpc

Missing Galactic Baryons, 
Hot corona gas?
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1 Mpc

Missing baryons 
in WHIM?

400 kpc

Missing Galactic Baryons, 
Hot corona gas?

50 kpc

Hot interstellar medium?
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*

disk

Beyond Local 
Group

halo

Hot Gas around the Milky Way: A 
Differential Diagnosis

Fang et al. (2010)
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Extragalactic 
sources

Galactic 
sources   34 extragalactic (red)

 28 galactic (green), distance=[0.3, 50] kpc
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Something interesting ...

by whose-name-should-not-be-
mentioned, 2008
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McKernan et al. (2003)

and something like a “cosmic conspiracy”?

AGN 
outflow 
or local 
hot gas?
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and something weird ...

Cyg x-2, chandra

Yao et al. (2009)
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Cyg x-2, XMM RGS
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24/27
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8/23

24/27
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Local Group
Galactic Halo

Disk

Fang et al. (2010)
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Local Group
Galactic Halo

Disk

Hot Diffuse Gas

Fang et al. (2010)
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Local Group
Galactic Halo

Disk

Hot Diffuse Gas

Cold Cloud

Fang et al. (2010)
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Local Group
Galactic Halo

Disk

Hot Diffuse Gas
Hot Clumpy Gas

Cold Cloud

Fang et al. (2010)
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Summary

• Searching for the missing baryons in the
known structures

• Missing baryons: large-scale IGM, or
   galactic halos? 

• International X-ray Observatory!
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